This supplementary document contains additional images of the seismic reflection data described in the main paper, details the methods used in the gravity analysis, and discusses the location of the Investigator Fracture Zone.
We generated a regional bathymetry grid by combining the swath bathymetry collected on SO198-1, SO198-2, and SO200, together with older single-beam bathymetry profiles which showed consistent navigation, and digitised soundings (mostly lead-line) in the extensive areas of shallow water. A surface was fit with the additional constraint that coastlines were set to a depth of 0m.
We applied the Fourier summation method of Parker (1973) to calculate a geometrical kernel for the gravitational attraction at the sea surface due to this bathymetry grid, and determined the predicted free air gravity signal of the seabed for effective seafloor density contrasts between 200 and 2000 kg/m 3 , using a reference depth of 7km. We calculated the residual between the predicted and observed free air gravity anomaly, and determined the best value for the effective seafloor density contrast using two measures of goodness of fit: (1) the root-mean-square amplitude of the gravity residual, which shows how much of the free air gravity signal cannot be removed based on the bathymetry; (2) the normalized cross-correlation between the gravity residual and the bathymetry, which shows whether part of the gravity residual can still be explained by the bathymetric variation. We determine these quantities within a box which spans the steepest bathymetry between the trench and the upper accretionary prism ( Figure DR3 ) to capture the maximum possible bathymetric signal while reducing sensitivity to long-wavelength real variations in the geometry of the subducting plate; we prefer the shipboard data for this purpose since it is more faithful at short wavelengths. The minimum root-mean-square residual and the zero in the cross-correlation curve both occur with a seafloor density contrast between 800 and 900kg/m 3 ( Figure DR4 ), i.e., effective seafloor density of 1800-1900kg/m 3 . The free air gravity anomaly predicted from the bathymetry with density contrast of 850 kg/m 3 is shown in Figure DR5 , with Figure DR6 being the residual.
Investigator Fracture Zone
The Investigator Fracture Zone (IFZ) is a key tectonic feature within the eastern Indian Ocean, both for its history in the development of the Indian-Australian plate system, and the potential role of its topography within the subduction zone. However, the nature of the IFZ and where to locate it are both complicated issues because previous authors have interpreted it either as a broad topographic feature or specifically as a discrete fracture zone position.
The first identification was made by Sclater and Fisher (1974) , linking a topographic feature with offsets in magnetic lineations, but based on magnetic and bathymetry data that were both very sparse. Near the trench where there is modern bathymetry, the so-called IFZ is seen to consist of a zone approx. 60km broad with at least 4 identifiable topographic ridges trending close to N, parallel to the plate motion (e.g., Figure 4 in Kopp et al., 2008) . Further away from the trench, Kopp et al. follow the trends from Cande et al. (1989) which was an interpretation of very sparse magnetic data. Royer and Sandwell (1989) was the first paper to have gravity data to properly back up the interpretation of the fracture zone trends away from the trench but still maintained naming it as a single feature. The best recent data compilation (Jacob et al., 2014; see also Figure DR8 ) shows that the constraints are still poor, and the satellite-derived gravity data shows that features within the IFZ complex vary significantly across the ocean basin. The existing data do not properly allow us to distinguish whether the "IFZ" is several discrete fracture zones with intervening (and longsubducted) ridge segments, or instead a broad zone of deformation; the large offset of 900km (Jacob et al., 2014 ) may be at least partly responsible for the complexity and lateral variability. While Lange et al. (2010) suggested that a set of aligned earthquake epicentres beneath the subduction zone follow the IFZ, this is an interpretation and there is nothing in their data that allows a clear identification of the subducted IFZ.
In contrast, perhaps due to its smaller offset, the 97E Fracture Zone is extremely clear in the bathymetry data just outboard of the trench (Figure 1 ), and we have assumed that the western edge of the IFZ follows a similar trend ( Figure DR8 ) from the westernmost topographic expression outboard of the trench. In this paper our main concern is the extent of the partly-subducted segment of the Wharton fossil ridge (WFR), and for this the key is the western edge of the IFZ. Assuming a similar trend beneath the forearc is the best assumption, and is consistent with the seismic reflection data.
Seismicity associated with weakly-coupled subduction zones
We have investigated the seismicity associated with the Hikurangi subduction zone ( Figure DR9 ) -this is a region with a comprehensive earthquake catalogue from a local network with similar station spacing to that of Lange et al. (2010) , and where the coupling is well-characterised. Of particular interest is that the inferred coupling varies strongly along strike (e.g. Wallace et al., 2009 ) with the southern section strongly-coupled (0.8-1.0) and the northern section weakly-coupled (0.1-0.2). Despite the difference in coupling, 
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